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Introduction 

The Cassini spacecraft has revealed Saturn’s largest moon Titan to be a 

diverse world, with geological features that are astonishingly similar to 

those found on our own world [1]. But what are the surface materials?   

Photochemical processes in Titan’s atmosphere are driven by solar 

radiation and energy from Saturn’s magnetosphere [2].  Under these 

processes, nitrogen and methane dissociate into radicals and then 

recombine, generating organic molecules that range from simple (ethane, 

acetylene and hydrogen cyanide) to more complex molecules [3,4].  It is 

these that make up the surface, but very few of the molecules calculated to 

exist on Titan have been fully characterised in their solid state.  
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 Titan, the largest moon of Saturn, is a surprisingly ‘Earth-like’ world with NASA’s Cassini spacecraft showing that under its 

thick nitrogen atmosphere there are seas and lakes that demonstrate a hydrological cycle and many recognisable 

geological features.  While we now know the chemistry of the materials on Titan, there’s still a lot to discover about the 

material properties that shape it.    

Molecular Solids 

We know from astrochemical modeling that ~ 20 different small molecular species can be 

formed in the Titan atmosphere, and deposit onto the surface [3,4].  Despite the simplicity of 

these species, which are predominantly liquid and gases under standard Earth conditions but 

solids on the surface of Titan (~94 K), in some cases even the crystal structures are not 

known [5].  

This project is, in the first instance, seeking to understand the phase and thermal expansion 

behaviour of the molecular solids on Titan.  Once established, this information will enable us 

to identify how these molecular solids will integrate into the Titan environment and also 

potentially be able to identify geological feature that are shape by these processes.   
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Lots more to do! 

Titan’s minerals have the potential to 

exhibit physical properties that are quite 

distinct from those seen in minerals on 

Earth.  We are yet to establish how 

important these would be for shaping the 

surface of Titan, and honours projects are 

an important part of this effort.  Using 

facilities at the Australian Centre for 

Neutron Scattering and University of 

Sydney we hope to be able to discover lots 

more that is relevant to this alien moon.       

 

 

 

Recent honours project success – Phase Trapping of Acetonitrile 

Acetonitrile has been observed within the atmosphere of Titan, Saturn’s largest moon, and as a 

result it is assumed that it will be a significant surface solid (mineral) upon Titan.  Solid 

acetonitrile is known to adopt high-temperature (α) and low temperature forms (β) with the β 

form assumed to be the stable phase under Titan surface conditions.   

Work by James Choi for his honours project showed that, on rapid cooling the high-temperature 

α form can persist at low temperature.  This kinetic trapping has not been observed in a Titan 

candidate molecular solid before and means that the α form of acetonitrile is also a viable mineral 

species for Titan [6].  This would require local heating of the surface layers to at least in the 

region of 217 K to transform to the α form, or higher to melt the material, followed by rapid 

cooling.  Aside from the possibilities of these conditions occurring in the local vicinity of impact 

events on Titan, local emplacements of cryolavas interpreted to be on the surface of Titan could 

also have this local heating effect. 

 

Crystal structures of three molecular solids that have both been modelled and observed to occur on 
the surface of Titan, a) acetylene b) propane and c) acetonitrile.  These typify the types of 
intermolecular interactions that are anticipated in these molecular solids, that will influence their 
physical properties.       

Image credit: European Space Agency First geological map of Titan from [1] 
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